Abstract. Glutamate, by activation of metabotropic receptors (mGluRs), can lead to a reduction of synaptic efficacy at many synapses. These forms of synaptic plasticity are referred to as long-term depression (mGluR-LTD). We will distinguish between mGluR-LTD induced by pre-or postsynaptic receptors and mGluR-LTD induced by the locus of the expression mechanism of the synaptic depression. We will also review recent evidence that mGluR-mediated responses themselves are subject to depression, which may constitute a form of metaplasticity.
Introduction
The molecular mechanisms underlying many forms of long-term synaptic changes -Long Term Depression (LTD) in particular -have been studied in detail at fast glutamatergic synapses [1 -3] . Here, we focus on mGluR-LTD that initially has received less attention than N-methyl-D-aspartic acid (NMDA) receptordependent LTD [3] , but is now the focus of great interest. mGluRs are G protein-coupled receptors that are divided into three groups (I through III), based on their sequence homology, transduction mechanisms and pharmacology [4, 5] . Group I (Gp I) comprises mGluR1 and mGluR5 which are linked to G proteins of the Gq type. They activate phospholipase C (PLC) to form diacylglycerol (DAG) and inositol 1, 4, 5-tris phosphate (IP3) [4] , and are primarily expressed at postsynaptic sites. Group II (Gp II) receptors (mGluR2 and mGluR3) couple to Gi/o proteins, which inhibit cyclic adenosine 35-monophosphate (cAMP) formation and calcium (Ca 2+ ) channels at pre-and postsynaptic sites, and activate G-proteincoupled inwardly rectifying K (GIRK) channels at postsynaptic sites [6, 7] . Group III (Gp III) mGluRs (mGluR4, mGluR6, mGluR7 and mGluR8) couple to Gi/o proteins inhibiting adenylyl cyclase and Ca 2+ channels at presynaptic sites and thereby modulate neurotransmitter release [8] . mGluR-LTD has been observed after activation of mGluR1, mGluR5, mGluR2, mGluR3 and mGluR7. Here, we classify these different forms of synaptic depression according to the locus of induction and expression of plasticity. By induction we mean the signaling events that are required to initiate the plasticity, such as the activation of the receptors themselves, the depolarization of the postsynaptic neuron or the increase in Ca 2+ levels. The expression mechanisms refer to the cellular events that are directly responsible for the change in synaptic efficacy (e.g. change in transmitter release or change in number/sensitivity of receptors). We distinguish between six forms of mGluR-LTD (Table 1 , Fig. 1 ), defined by receptor type, the locus (post-or presynaptic) of LTD induction and expression, and the brain region. We will review the literature for each form of mGluR-LTD, focusing on the underlying molecular mechanism and concluding with the description of the plasticity of the mGluR-mediated synaptic currents themselves.
Presynaptic induction -presynaptic expression
At many synapses, Gi/o-coupled receptors located at the terminal boutons (= presynaptic element) can regulate the efficacy of transmission. Presynaptic Gp II and Gp III mGluR autoreceptors on glutamatergic synapses can inhibit presynaptic voltage-dependent Ca 2+ channels, which suppress the Ca 2+ transient when the action potential invades the terminal, eventually reducing transmitter release [9, 10] . The two groups show distinct ultrastructural expression patterns; Gp II mGluRs are evenly distributed at the terminal [11, 12] , while group III mGluRs are concentrated at presynaptic active zones [13, 14] . Gp III mGluRs have a lower affinity for glutamate than the Gp II mGluRs and thus they require higher glutamate concentrations for their activation. Presynaptic mGluR-LTD can be observed at hippocampal mossy fiber synapses, which arise from granule cells in the dentate gyrus and connect to CA3 pyramidal cells as well as stratum lucidum interneurons. While inputs onto pyramidal cells are formed by large presynaptic boutons, synapses onto stratum lucidum interneurons consist of small varicosities [15] . The former express mGluR2, the latter mGluR7 [12] and as a consequence, mGluR-LTD of these two synapses show contrasting properties. In CA3 neurons, synaptic depression requires both a presynaptic mGluR2-dependent decrease in cAMP and a rise of Ca 2+ in the terminal [16] . mGluR activation occurs during high-frequency activity or with single shocks when glutamate uptake is blocked. mGluRs rapidly inhibit transmitter release [17, 18] , which can become long-lasting. The involvement of mGluR2 is demonstrated by the observation that mGluR-LTD in mGluR2 knock-out (KO) mice is almost abolished [19, 20] . In stratum lucidum interneurons, the depression is induced by mGluR7. Because of its low affinity for glutamate, LTD induction at this synapse requires intense presynaptic stimulation. Interestingly, once LTD is induced, for example with an mGluR7 agonist or high frequency stimulation protocol, subsequent activation of the same receptors can lead to potentiation [21] . Moreover, the induction requirement is different early during postnatal development when mGluR7 has a higher affinity for glutamate [22] . The expression mechanism of these entirely presynaptic forms of mGluR-LTD is not well understood, but may share overlapping mechanisms with the endocannabinoid-mediated LTD (eCB-LTD, see below). Possible scenarios for the switch to a permanent depression after sustained Gi/o activation involve molecules that regulate presynaptic inhibition of mGluRs such as protein kinases [23 -25] . It has been suggested that mGluR7-LTD depends on protein kinase C (PKC), while mGluR2-LTD would be modulated by the cAMP-protein kinase (PKA) pathway [16] . In line with this, cAMPdependent PKA inhibits the function of Gp II mGluRs at excitatory synapses in CA3 of the hippocampus and at medial perforate path-dentate gyrus synapses [26] . 27 -30] . Their activation by strong and sustained release of glutamate induces a permanent change in release probability that mediates this presynaptic form of LTD.
Postsynaptic induction -postsynaptic expression
Postsynaptic Gp I receptors Gp I mGluRs are expressed postsynaptically and can trigger LTD in several areas of the brain such as hippocampus, cerebellum, ventral tegmental area (VTA) and bed nucleus of stria terminalis (BNST) [31 -35] . Because Gp I mGluRs are located outside of the postsynaptic density [36, 37] , they are activated when glutamate spills out of the cleft. Adequate protocols that will induce LTD therefore require sustained high frequency trains of up to 300 Hz [38] , burst-like firing of several short trains at 66 Hz [32, 33, 39] or paired-pulse low frequency stimulation [40] . Alternatively, low frequency stimulation paired with the depolarization of the postsynaptic neuron [41 -43] also seems to activate these receptors. However, even with strong induction protocols, only a fraction of synapses express LTD. Chemical induction with mGluR agonists such as dihydroxyphenylglycine (DHPG) have therefore been very useful for the investigation of the underlying mechanisms [31, 44 -46] . Since such chemical LTD occludes the efficacy of subsequent synaptic LTD, it is assumed that both forms share the underlying mechanism [31, 39] . The use of KO mice to determine the relative involvement of the mGluR1 and mGluR5 in mGluR-LTD has been difficult. The mGluR-LTD in the CA1 region of the hippocampus is absent in mGluR5 -/-mice, but also reduced in mGluR1 -/-mice [40, 47] . Moreover, in wildtype mice, only the combination of an mGluR1 and an mGluR5 antagonist completely abolishes the Figure 1 . Models of some forms of mGluR-LTDs. (A) mGluR1-LTD in the ventral tegmental area requires mTOR and the de novo synthesis of GluR2. GluR2-containing low conductive AMPAR are then inserted at the synapse in exchange for GluR2-lacking high conductive AMPARs. (B) mGluR1/5-LTD in the hippocampus also requires the activation of the protein synthesis machinery, however it remains elusive which proteins need to be synthesized. (C) eCB-LTD has been described at many synapses in several regions of the central nervous system. It requires the activation of Gp I mGluRs and PLC leading to intracellular Ca 2+ rise that triggers the synthesis of eCB in the postsynaptic neuron. The eCBs are then released from the postsynaptic terminal and diffuse retrogradely to the presynaptic terminal, where they bind to CB1Rs, causing a reduction of neurotransmitter release. (D) Purely presynaptic mGluR2-LTD has been observed at mossy fiber to CA3 synapses of the hippocampus. Presynaptic activation of mGluR2 leads to the inhibition of adenylyl cyclase activity, reducing the levels of cAMP. Concomitant rise of Ca 2+ and mGluR2 activation permanently reduces the release probability. Abbreviations: AMPA, alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid; cAMP, cyclic adenosine monophosphate; CB1, cannabinoid receptor type 1; eCB, endocannabinoid; NMDA, N-methyl-D-aspartic acid; mTOR, mammalian target of rapamycin; FMRP, fragile X mental retardation protein; PLC, phospolipase C; VGCC, voltage-gated calcium channel; PICK1, protein-interacting C Kinase 1.
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Vol. 65, 2008 Review Article plasticity [40] . A likely scenario is that both receptors cooperate to induce LTD. A less attractive alternative explanation would be that adaptations and strain differences confound the effects in KO mice. Conventional pharmacology studies on synapses outside the hippocampus suggest that either mGluR1 or mGluR5 activation mediates the LTD [33, 38, 39, 46, 48] . The postsynaptic induction mechanism of this form of LTD is confirmed by the requirement for elevated Ca 2+ in some cases. The intracellular dialysis of Ca 2+ chelators such as 1, 2-bis (aminophenoxy) ethane-N, N, N, N-tetraacetic acid (BAPTA) blocks LTD under some conditions [39, 49] but seems inefficient in other reports [50, 51] . Other postsynaptic manipulations, such as preventing the activation of the Ga subunit by the perfusion of guanosine 5-O-(2-thiodiphosphate) (GDPbS) or disrupting tyrosine phosphorylation by loading the neurons with phosphatase inhibitors, also block the induction of mGluR-LTD [48, 52] . Gp I mGluRs couple to their effectors via G proteins of the Gq and G11 families, but LTD seems to depend mainly on the former. In the CA1 region of the hippocampus, DHPG fails to induce LTD in Gq -/-mice, while the LTD is normal in G11 -/-mice [53] . Similarly, a paired-pulse stimulation protocol causes a regular LTD in G11 -/-mice but a weak LTD in Gq -/-mice [53] . Moreover, in the cerebellum, again only Gq -/-seems to be necessary for mGluR-LTD [54] . Downstream of G proteins, mGluR1 and 5 activate the phospholipase C (PLC), resulting in an increase in inositol 1, 4, 5-trisphosphate (IP3) and diacylglycerol (DAG). IP3 and DAG then trigger Ca 2+ release from the intracellular stores and activation of PKC. Direct evidence for the implication of PKC in mGluR-LTD has been found in several brain regions. In the CA1 region of the hippocampus, in cerebellar Purkinje cells, in sensory spinal synapses and in glutamatergic synapses onto dopaminergic neurons of the VTA, mGluR-LTD was abolished after loading the postsynaptic neuron with a PKC inhibitor [39, 55, 56] . Surprisingly, in the dentate gyrus, inhibition of PKA and PKC separately only decreased the magnitude of LTD; the combination of both drugs has yet to be tested [57] . The converging actions of PKA and PKC seem appealing, since the two of them activate the mitogen-activated protein kinase/extracellular signalregulated kinase (MAPK/ERK) pathway [58] . The following observations demonstrate the involvement of ERK in mGluR-LTD in different brain regions. In the CA1 region of the hippocampus, ERK inhibitors block LTD via a phosphorylation event [31, 40, 47, 59, 60] . Similarly, in the BNST, the plasticity was prevented by a specific antagonist of ERK and mGluR-LTD was no longer present in ERK1 -/-mice [48] . Similar results were obtained in the cerebellum [61, 62] . ERK inhibitors have been shown to block mGluR-LTD by preventing the internalization of GluR2-containing alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptors (AMPARs) [63] . In addition to ERK, Gp I mGluRs also activate the phosphoinsoitide 3-kinase (PI3K)-Akt-mammalian target of the rapamycin intracellular pathway (mTOR), as it occurs in the CA1 region of the hippocampus [60, 64] . Finally, in the VTA mGluR-LTD only relies on mTOR activation [33] . Both ERK and mTOR are regulators of the translation machinery. Therefore Gp I mGluR-LTD may have a protein synthesis-dependent component, a hypothesis that is supported by several experimental studies [31, 47, 65] . Since polyribosomes can be observed in the proximity of synapses, protein synthesis may occur locally from prefabricated mRNA [66] . In fact, in the CA1 region of the hippocampus mGluR-LTD remained protein synthesis-dependent after dendrites were cut from the cell body, providing direct evidence for local translation [31] . Activation of mGluRs would therefore trigger an intracellular cascade, eventually activating ERK and/or mTOR, which would then turn on the protein synthesis machinery located in the dendrite. The final step would require translation of mRNAs into proteins that are essential for the persistence of the synaptic depression. But which proteins need to be synthesized de novo? Appealing candidates are the AMPAR subunits themselves or immediate early genes that may regulate AMPA trafficking such as Arc [67, 68] . AMPAR subunits can be synthesized in dendrites upon DHPG application and in neuronal cultures; these subunits then form receptors that are synaptically inserted [69, 70] . Local mRNA translation definitely became the focus of attention after it was demonstrated that the mGluR-LTD in the hippocampus was enhanced in mutant mice lacking the fragile mental retardation protein (FMRP), the protein implicated in an Xlinked form of mental retardation [71] . Meanwhile, similar findings have been obtained in the cerebellum [72, 73] . Since FMRP may act as a translational repressor [74] , it was initially thought that the enhanced LTD in FMR1 -/-mice can be explained by a lack of inhibition of protein synthesis. Surprisingly, in FMR1
-/-mice mGluR-LTD is not only enhanced but also independent of ERK activity and protein synthesis [65, 72] . The precise role of FMRP is still under debate and may involve proteasome inhibition, where synthesis, ubiquitination and proteolysis of FMRP are part of a dynamic regulatory system that modulates mGluR-LTD in the hippocampus [65] . Further studies will have to identify the proteins that 2916 C. Bellone, C. Lüscher and M. Mameli mGluRs-dependent LTD are the target of the protein synthesis machinery after mGluR activation. In contrast, in the VTA [33] mGluR-LTD is mediatd by mTOR but independent of the FMRP (Mameli and Lüscher, unpublished data). When cells are loaded with siRNA and antisense oligonucleotides to specifically prevent GluR2 translation, mGluR-LTD is blocked within minutes [33] . This identifies the AMPAR GluR2 subunit as a protein that needs to be rapidly synthesized in order to express mGluR-LTD. Finally, during development the protein synthesis requirement for mGluR-LTD does not seem to be absolute. In fact, data obtained in acute brain slices prepared from 8 to 15 day-old mice demonstrate a developmental switch in the dependence of protein synthesis for mGluR-LTD in the hippocampus [75] . Whatever the exact nature of the proteins that need to be synthesized, there is a general consensus that Gp I mGluR-LTD is expressed by a redistribution of AMPARs. This process has first been described at a cerebellar synapse. Climbing fibers (CF) and parallel fibers that converge on Purkinje cells (PC) need to be activated together to depolarize the PC while activating mGluR1s. AMPARs are eventually internalized and the synaptic efficacy decreased. The activation of mGluR1 also triggers the retrograde release of endocannabinoids (eCB), which leads to the presynaptic depression of CF (see section below). The expression mechanism of postsynaptic mGluR1-LTD requires a redistribution of AMPARs via a kinase-dependent and a phosphatase-dependent cascade. The kinase activation cascade involves PLC/ DAG, activation of PKC and the phosphorylation of the GluR2 subunit at Ser 880, leading to the internalization of the receptor. In parallel, nitric oxide activates cyclic guanosine monophosphate and cGMP-protein kinase, eventually suppressing dephosphorylation of the PKC target. The intracellular signal converges in the phosphorylation of GluR2, which promotes AMPAR internalization [76] . Electrophysiological approaches demonstrate that cerebellar mGluR-LTD requires a clathrin-dependent endocytosis [77] . In fact, a peptide that disrupts the interaction between dynamin and amphyphysin, which is required for receptor endocytosis [78] , blocks mGluR-LTD in the hippocampus, cerebellum and VTA [33, 44] .These findings are also supported by experiments with the actin stabilizer jasplakinolide, which also blocks synaptic removal of AMPARs and mGluR-LTD [44, 52] . The mechanism underlying the removal of AMPARs from the synapse has been shown to be associated with activation of postsynaptic protein tyrosine phosphatase, which leads to the tyrosine dephosphorylation of AMPARs and the subsequent internalization [52] . Moreover, immunocytochemical studies provide evidence for a decrease in the amount of postsynaptic GluR1 staining [44, 52, 57] , an effect which is prevented by translation blockers [79] . Although a majority of observations demonstrate the important role of AMPAR internalization for the expression of mGluR-LTD, not all the data fit this model. The postsynaptic expression locus has been challenged, based on the observation that DHPG leads to the depression of synaptic currents but does not alter the amplitude of postsynaptic currents evoked by photolysis of caged glutamate [80] . However, this study is limited by the inability to distinguish between synaptic and extrasynaptic receptors after the glutamate uncaging, and can be reconciled with most of the findings discussed above, if mGluR-LTD also involves a lateral diffusion of AMPAR at the surface. Several studies also suggest that mGluR-LTD can be expressed even if the total number of AMPA receptors does not change. mGluR-LTD in the VTA, for example, depends on the presence of GluR2-lacking receptors and it is expressed by rapid exchange of GluR2-lacking receptors for GluR2-containing ones [32, 33] . These new GluR2-containing AMPARs have a lower conductance than GluR2-lacking AMPARs and this difference in channel properties is sufficient to explain the persistent decrease in synaptic strength without change in the number of receptors. A puzzling feature of hippocampal mGluR-LTD is the requirement of a persistent activation of mGluRs throughout the expression phase. Several studies have shown that mGluR antagonists can reverse the plasticity even when applied long after induction [81, 82] , while another study only observed a partial reversal [40] . In summary, Gp I mGluR-LTD is entirely postsynaptic, depends on rapid protein synthesis and involves a redistribution of AMPARs in all brain regions where it can be observed. The proteins that need to be synthesized and the regulation of the local translation as well as the exact composition of AMPARs in turn seem specific for a given brain region.
Postsynaptic Gp II receptors
In the cortex, mGluR-LTD can be induced through postsynaptic Gp II receptors [18] . For example, the bath application of the potent Gp II mGluRs agonist dicarboxycyclopropyl (DCG-IV) leads to a depression of excitatory synaptic currents in the rat prefrontal cortex. This form of plasticity requires the concomitant activation of mGluRs and dopamine receptors (D1 and D2), a rise in intracellular Ca 2+ and the activation of PLC, PKC and MAP kinases [45, 83] . The LTD in the perirhinal cortex relies on the Cell. Mol. Life Sci.
Vol. 65, 2008 Review Article interaction between Gp II mGluRs, Gp I mGluRs and N-methyl-D-aspartic acid receptors (NMDARs) [46] . A potential mechanism is that Gp II mGluRs amplify the rise in intracellular Ca 2+ from intracellular stores triggered by Gp I mGluRs. The convergence of the two signals may occur via a synergistic interaction of the Gbg subunits (Gp II mGluRs) and the Gq/11 subunits (Gp I mGluRs) [46] . At Schaffer collateral to CA1 synapses, low frequency stimulation induces a form of LTD that is dependent on the simultaneous activation of Gp II mGluRs and adenosine (A1) receptors. Both of these receptors are in fact negatively coupled to adenylate cyclase [41] . All these examples demonstrate the role of postsynaptic Gp II mGluR in the induction of LTD. However, little is known about the mechanism by which this plasticity is expressed. A study performed in the dentate gyrus in vivo reports that Gp II mGluR-LTD does not depend on protein synthesis [35] . Another possible explanation is that activation of mGluRs leads to a reduction of PKA levels, thereby promoting the dephosphorylation and endocytosis of AMPAR subunits [35] . In summary postsynaptic Gp II mGluRs can trigger a form of postsynaptically-expressed LTD in different areas of the cortex and hippopcampus.
Postsynaptic induction -presynaptic expression
This form of mGluR-LTD is induced by the activation of postsynaptic Gp I receptors, but has a presynaptic expression mechanism. It has long been known that the pharmacological activation of Gp I mGluRs leads to a LTD that is associated with an increase in paired pulse facilitation, reflecting a decrease of the presynaptic release probability [84, 85] . Since Gp I mGluRs were exclusively found on the postsynaptic membrane [36, 86] a retrograde signal was postulated. Increasing evidence supports the idea that eCBs are synthesized from membrane-derived lipid precursors when an LTD induction protocol is applied. eCBs are then released from the dendrites of a depolarized neuron in a non-vescicular but Ca 2+ -dependent manner [87] and diffuse across the synaptic cleft to act through their receptors on afferent terminals, causing presynaptic inhibition and eventually LTD [88] . A rise in the postsynaptic Ca 2+ concentration was essential in some experiments [50, 89, 90] , but this does not seem to be a universal requirement. Indeed, in the cerebellum and in the hippocampus, mGluR-LTD can be elicited under conditions where Ca 2+ is clamped in the presence of high concentrations of chelators [51, 91] . The release of eCB is facilitated when the depolarization is combined with mGluR activation, in which case the phospholipase C, beta 4 (PLCb4) could act as coincidence detector [92] . Concomitant depolarization and mild mGluR activation are able to induce eCB-depression, for example with agonist concentrations that normally are not effective [93] . eCB receptors, which can bind the marijuana constituent d9-tetrahydrocannabinol come in two subtypes: CB1 and CB2 receptors (CB1R and CB2R). While the CB2Rs are mainly found in the immune system, the CB1Rs are the target in central nervous system (CNS). Regions that express CB1Rs include the cerebellum, hippocampus, amygdala, basal ganglia, olfactory bulb, cerebral cortex and brainstem nuclei [87] . Similar to other Gi/o coupled receptors, CB1 receptor activation decreases the probability of transmitter release [94] . In slices of many brain regions, such retrograde signaling can be observed by the transient depression of either inhibitory or excitatory synaptic current when the postsynaptic cell is briefly depolarized [95 -99] . While such depolarization-induced suppression of inhibition (DSI) or excitation (DSE) only last for a few tenths of seconds, it has been observed that sustained release of eCB might eventually lead to LTD; the activation of the postsynaptic Gq-coupled mGluRs is a way to trigger release of eCBs [100] . In fact eCB-LTD has been described in hippocampal neurons [91, 100] , at excitatory synapse of the cerebellum, in the VTA [89, 101] , at cortical efferences of the nucleus accumbens [90] and at inhibitory cerebellar synapses as well [102] . The induction requirements for long-lasting eCBmediated depression of synaptic transmission have been well described in PC of adult mice, where eCB-LTD occurs along with mGluR1-LTD (Fig. 2) . mGluR1 s are abundant in PCs [103] and in addition to triggering the internalization of AMPARs, they also lead to a decrease of neurotransmitter release, both from CF and parallel fibers (PF) via eCB release [101, 104] . Safo and Regehr have shown that induction of cerebellar LTD was eCB-dependent [104] . Indeed, LTD was lost in the presence of a CB1R antagonist and in CB1R KO mice. However much evidence indicates that cerebellar LTD is expressed postsynaptically. It has been hypothesized that eCB signaling may have a role in regulating the temporal interaction between CF and PF to induce LTD [87] . Association of PF and CF activation makes the cerebellar LTD well suited to implement motor learning [105] . CF activity could provide a feedback to PF synapses and this would be important for fine motor control [106] . The role of eCB in hippocampal LTD is less clear. While one group observed only a transient effect after mGluR activation [82] , others concluded that there are long-lasting presynaptic effects [80] . 2918 C. Bellone, C. Lüscher and M. Mameli mGluRs-dependent LTD eCBs can also induce LTD at inhibitory synapses of the hippocampus, a phenomenon that is sometimes referred to as I-LTD. Simultaneous activation of Gp I mGluRs, mainly mGluR5, and postsynaptic depolarization lead to the release of eCBs and reduced transmitter release [91] that is long-lasting [107] . A similar form has been found in the amygdala where the activation of mGluR1 is both necessary and sufficient to induce the depression [108] . In contrast to the hippocampus, I-LTD in the amygdala is mediated by mGuR1 and by an eCB that is different from 2-Arachidonoylglycerol [87] . The basal ganglia are another part of the brain where eCB-LTD plays an important role. At cortico-striatal synapses a form of LTD that requires release of eCB from medium spiny neurons has been described [109] . Gp I mGluRs contribute to eCB-mediated short-term suppression of cortico-striatal excitatory synaptic transmission, but strong depolarization alone is not sufficient to trigger eCB release. In the dorsal striatum eCB-LTD is induced by the combined activation of mGluRs and L-type Ca 2+ channels [110, 111] . In the nucleus accumbens, the induction of eCB-LTD requires the activation of mGluR5s on medium spiny neurons [112] . Interestingly this form of eCB-LTD is blocked by the repetitive exposure to an addictive drug such as cocaine [90] . The expression mechanism of I-LTD relies on changes in the transmitter release machinery mediated by cAMP/PKA signaling and the active zone protein RIM1a [113] . It remains elusive whether this applies to eCB-LTD, as described above. Interestingly, intense periods of synaptic activity at CF and PF inputs can also lead to an upregulation of glutamate transporters, resulting in a reduction of glutamate spill-out at the synaptic cleft. This, in turn, decreases mGluR-mediated Ca 2+ signals and ultimately mGluR-LTD. Conversely, when transporters are sparse, the induction of LTD is facilitated [114] . In summary, postsynaptic Gp I mGluRs in neurons in almost all regions of the brain can trigger the synthesis of eCBs, which act as retrograde messengers to decrease presynaptic release probability. At some synapses, sustained CB1 activation may lead to permanent depression of synaptic transmission.
LTD of the slow EPSC
Synaptically released glutamate can produce a slow excitatory current via activation of mGluRs (slow EPSC) in addition to the fast EPSCs. Recent work now shows that the slow mGluR-mediated EPSC can undergo LTD (LTD (mGluR1)) [115] . In the cerebellum for example, the slow EPSC depends on the cation channel TRPC1 [116] , which is triggered by intracellular Ca 2+ downstream of mGluR1. The induction of LTD (mGluR1) requires very strong CF-induced PC depolarization stimulation [115] , the PF-evoked slow EPSC. LTD of the slow EPSC is also observed when slow synaptic current is evoked by exogenous application of an mGluR1 agonist, suggesting that LTD is expressed via a postsynaptic mechanism. The authors propose that LTD (mGluR1) is expressed postsynaptically by the attenuation of an initial step of the signaling complex, where the ultimate target could be the mGluR1 itself, Gaq or an annexed scaffolding protein [115] . How is this form of plasticity expressed? Little is known about the trafficking of mGluRs. In recombinant systems, the activation of mGluRs with glutamate for long periods of time led to the internalization of the receptors to endosomes, a mechanism that depends on arrestin and dynamin [117] . In this system, the surface expression of mGluRs can be rapidly regulated in response to agonist activation [118] . Moreover it seems that strong depolarization induced by KCl in cultured Purkinje neurons can also increase mGluR1 immunoreactivity [119, 120] . These data highlight the potential role of mGluRs in modulating their own activity. In fact, LTD (mGluR1) blocked the subsequent induction of conventional mGluR-LTD of AMPAR-mediated signals [115] , suggesting that LTD (mGluR1) plays a role in forms of metaplasticity.
Conclusions
In this review we compiled brain regions where mGluR-LTD was observed and we categorized differ- Cell. Mol. Life Sci.
Vol. 65, 2008 Review Article 2919 ent forms by their locus of induction and expression (Table 1, Fig. 1 ). We have not considered differences due to developmental stages that can add complexity [52, 75, 80] . Although we have covered a large part of the available literature, the list may not be exhaustive, and it is probable that future studies will uncover new forms of mGluR-LTD in parts of the brain not yet investigated. Such considerations should be kept in mind when discussing inconsistencies in available literature.
In conclusion, the functions of mGluRs in synaptic plasticity are manifold and range from organizing receptor redistribution, release of retrograde messengers to autoregulation of mGluR-signaling and a modulation of other forms of long-term plasticity. mGluRs may therefore be key determinants of many brain functions in health and disease.
